Vitamin D deficient rickets is generally known to occur in breast fed infants. And excessive phosphate ingestion is a main cause of late onset hypocalcemia in formula fed infants. Here we introduce 45-day-old formula fed hypocalcemic twins with recurrent seizure attacks. They were diagnosed as having both of vitamin D deficient rickets and hyperphosphatemia. Radiologic findings indicated mild rickets and the twins were treated with calcium and alfacalcidol. After 3-5 months of oral supplementation, medication was discontinued in both twins. They showed normal growth and calcium, phosphorus, and vitamin D levels during the 6-month follow-up period. Twins can be at risk for hypocalcemia because of their high risk of vitamin D deficiency, low birth weight, and premature birth. Therefore twin pregnant women need ingestion of sufficient vitamin D and calcium.
Introduction
Hypocalcemia in infants can be life threatening because it can cause seizures, cardiac rhythm disturbance, and even apnea 1) . Furthermore, musculoskeletal changes can result from persistent hypocalcemia 2) . Thus, early diagnosis and management of hypocalcemia is very important in infants. Risk factors for hypocalcemia include premature birth, low birth weight, maternal diabetes mellitus, perinatal asphyxia, and poor intake of vitamin D. Twins may be at risk for hypocalcemia because of their high risk for vitamin D deficiency, low birth weight, and premature birth 1, 2) . Here we introduce 45-day-old twins with recurrent hypocalcemic seizures due to vitamin D deficiency and hyperphosphatemia. Although most cases with hypocalcemic seizure due to vitamin D deficiency are breastfed infants 3, 4) , both of the twins reported here were fed with formula only.
Case report
The 45-day-old twin boys were admitted to Keimyung University Dongsan Medical Center because of repeated convulsion without fever. The first twin had four times of generalized tonic clonic seizure events with eyeball deviation and loss of consciousness. He had irritability for 2 days. He was born at a birth weight of 2,200 g after 37 weeks and 4 days of gestation (10-25 percentile for gestational age). He was born in April. On admission, his body weight was 3,900 g (below 3 percentile for his age). He was fed with formula only. Family history was unremarkable. His mother didn't ingest vitamin D during pregnancy.
In the laboratory tests of the first twin, serum total calcium was low at 5.8 mg/dL (normal range, 8.8-10.8 mg/dL) and ionized calcium level was also low at 1.64 mEq/L (normal range, 2.2-2.5 mEq/L). Phosphorus was high at 7.9 mg/dL (normal range, 3.8-6.5 mg/dL). Alkaline www.e-apem.org phosphatase (ALP) was elevated to 4,503 IU/L (normal range, 100-1,000 IU/L) and immunoreactive parathyroid hormone (iPTH) was elevated to 191.87 pg/mL (normal range, 13-54 pg/mL). The level of 25-hydroxyvitamin D3 (25-D) was very low (5.1 ng/mL; normal range, 10-55 ng/mL). The level of 1,25-hydroxyvitamin D3 (1,25-D) was normal (37.41 pg/mL; normal range, 15-72 pg/mL). Calcitonin was in the normal range. His complete blood cell count, other serum electrolytes, glucose, ammonia, magnesium, blood gas analysis, and albumin level was all in the normal range. Direct bilirubin was elevated to 1.98 mg/dL at diagnosis, but normalized spontaneously. The aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were 49 IU/L and 40 IU/L, respectively. The γ-glutamyl transferase (γ -GT) was 64 IU/L.
In the radiologic exam, forearm x-ray showed diffuse linear periosteal reaction along the metadiaphyses of his long bones (Fig. 1A) . Diffuse osteopenia and vague calvarium, temporal bone was apparent in skull x-ray (Fig. 2) . Electroencephalography was normal. He was diagnosed with hypocalcemic seizure due to both vitamin D deficient rickets and hyperphosphatemia based on low calcium, low 25-D, high iPTH, and high phosphorus level.
Phenobarbital was administered to him for 5 days due to recurrent seizure attacks. Intravenous calcium gluconate (200 mg/kg/day) was administered for 4 days during the admission period. Oral calcium lactate (500 mg/kg/day) and alfacalcidol (0.03 µg/kg/day) were also administered. On admission day 17, he was discharged without symptoms. We maintained oral calcium lactate and alfacalcidol as same doses for 4.5 months and 5 months, respectively. Thus the doses per weight were tapered spontaneously as his body weight increased. The overall progress of laboratory test results and oral medication period of the first twin are shown in Fig. 3A . After 4 months treatment, when he was 5 months old, the follow-up forearm x-ray showed improved with symmetrical linear periosteal reaction (Fig. 1B) .
The second twin had two times of generalized tonic clonic seizure events with eyeball deviation and loss of consciousness at the same day. He was born at a body weight of 2,300 g (10-25 percentile for gestational age). His serum total calcium was 6.2 mg/dL and ionized calcium was 1.77 mmol/L. Phosphorus and iPTH were respectively 7.8 mg/dL and 287.61 pg/mL. ALP was elevated to 3,907 IU/L. The level of 25-D was very low (3.6 ng/ mL) and 1,25-D was slightly decreased (14.9 pg/mL). Direct bilirubin was elevated to 3.77 mg/dL at diagnosis, and decreased spontaneously. The AST, ALT, and γ -GT were 48 IU/L, 29 IU/L and I85 U/L, respectively. The second twin' s forearm x-ray and skull x-ray also showed radiologic finding of mild rickets.
Intravenous calcium gluconate was administered to the second twin 2 times during the admission period. Admission period was 11 days. The second twin was managed with 3 months of oral calcium lactate and 5 months of oral alfacalcidol. The overall progress of laboratory test results and oral medication period of the second twin are shown in Fig. 3B . After discontinuation of calcium lactate and alfacalcidol, the twin infants have been followed up for 6 months without additional seizure attacks.
Discussion
Hypocalcemia is diagnosed when total serum calcium is below 7 mg/dL or ionized calcium is below 1 mmol/L. Neonatal hypocalcemia is categorized into 'early' and 'late' neonatal hypocalcemia according to age. Early neonatal hypocalcemia can develop within 2-4 days after birth. Physiologic decreased calcium levels develop within 1-2 days after birth. If this . Vitamin D deficiency contributed to over 20% of hypocalcemic infants by Song et al. 5) . Generally, breastfed infants are known to have a higher risk of vitamin D deficiency-induced hypocalcemic seizure 3, 4) . However, both of the twins we report here were fed with formula only. In these twin infants, 25-D was very low while 1,25-D was normal or slightly decreased. And phosphorus and iPTH level were high. In vitamin D deficient rickets, serum calcium is decreased at first. And, increased activity of 1a-hydrolase increases 1,25-D level, resulting in normal or only slightly decreased 1,25-D despite of very low 25-D level.
We suspect that the infants reported here had low vitamin D due to decreased transplacental transfer from mother. Maternal vitamin D status is very important to decide the infant' s vitamin D level and rickets [6] [7] [8] . Vitamin D level is known to be lower in twin pregnancy than in single pregnancies 9) . This is because higher calcium and vitamin D are required to meet the fetal calcium demand in twins. Furthermore, outdoor activity can be decreased in women with twin pregnancy due to concerns about abdominal tension, resulting in decreased sunlight irradiation.
Thus more sufficient vitamin D supplementation is recommended in women pregnant with twin than women pregnant with single baby. By Society of Maternal-Fetal Medicine, 2,000-2500 mg/day of calcium and 1,000 IU/day of vitamin D intake are recommended in women pregnant with twins 10) . And 400 IU/day of vitamin D has been recommended to all infants by the American Association of Pediatrics 11) . Approximately 1,000 mL of formula contain 400 IU of vitamin D. These twin infants reported here took 500-600 mL/ day of formula based on their body weight. In other words, if transplacental transfer of vitamin D was insufficient from mother at birth, formula fed infants also can have vitamin D deficiency. In the study of Choi et al. 4) , 15.4% of formula fed infants had vitamin D deficiency. Further, it seems that hyperphosphatemia caused by formula feeding (45 mg of phosphorus per 100 mL of formula) aggravated hypocalcemia in these twin infants reported here. And parathyroid hormone resistance and low birth weight also contribute to vitamin D deficiency 12, 13) . Twins tend to have resistance to parathyroid hormone because of the higher frequency of low birth weight or preterm birth for twins compared to single pregnancy.
To summarize, several risk factors of twins in this reportdecreased transplacental transfer of vitamin D, hyperphosphatemia from formula feeding, and resistance to parathyroid hormoneseems to have caused recurrent hypocalcemic seizures. Being a twin need to be considered as a risk factor for hypocalcemia. Thus twin pregnant women need ingestion of sufficient vitamin D and calcium. 
